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Aggressive treatment of early fistula failure.
Background. Fistula failure has been classified as early and
late. Early failure refers to those cases in which the arterio-
venous (AV) fistula never develops to the point that it can be
used or fails within the first 3 months of usage. It has been
common practice to abandon these early failures; however,
aggressive evaluation and treatment of early fistula failures has
been shown to result in the salvage of a large percentage. The
two most common causes of the failure seen at this time are
juxta-anastomotic stenosis (JAS) and the presence of accessory
veins. Both of these can be easily diagnosed by physical exami-
nation. This study reports the results of early fistula failure
managed aggressively in an attempt at salvage.
Methods. These studies were conducted in six freestanding
outpatient interventional facilities in different regions of the
United States. Interventional nephrologists are employed at
all of these facilities except one that is operated by an interven-
tional radiologist. Each patient was first evaluated angiographi-
cally to identify the anatomy of their AV fistula and detect
abnormalities that might be present. Stenotic lesions were then
treated with angioplasty and accessory veins thought to be
significant were obliterated. All patients were then followed
to determine if the fistula was usable for dialysis.
Results. One hundred patients were identified that met the
definition of early failure. Venous stenosis was present in 78%
of these cases. In 43% of the cases, the lesion was in the JAS
location. In 15%, this was the only lesion present. In 24%, it
was associated with an accessory vein, in 6% with a proximal
stenosis, and in 4% with both. A proximal stenosis lesion was
present in the fistula in 36%. In 6%, it was associated with an
accessory vein, in 6% with a JAS, and in 4% with both. The
definition of arterial anastomosis stenosis was met in 38% of
the cases. This was always in association with JAS. In four
cases, a stenotic lesion was present in the artery above the
anastomosis. An accessory vein was present in 46% of the
cases. In 12% of the cases, this was the only lesion present. In
24% of the cases, this anomaly was associated with JAS, in
6% with proximal stenosis, and in 4% with both. Angioplasty
was performed to treat venous stenosis in 72% of the cases
with a 98% success rate. Angioplasty of the arterial anastomosis
was performed in 38 cases with a 100% success rate. Accessory
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vein obliteration was performed in 46% of the patients with
a 100% success rate. The overall complication rate in this series
was 4%, of these 3% were minor and 1% were major. It was
possible to initiate dialysis using the fistula in 92% of the cases.
Actuarial life-table analysis showed that 84% were functional
at 3 months, 72% at 6 months, and 68% at 12 months.
Conclusion. If correctable pathology is detected in patients
with early fistula failure, the incidence of correctable lesions
is relatively high and an aggressive therapeutic approach can
be expected to have a high yield.
The superiority of the native arteriovenous (AV) fis-
tula as a vascular access for chronic hemodialysis over
an AV graft is an accepted fact. In multiple studies, it
has been shown to have significantly improved patency
rates and lower complication and infection rates [1]. For
these reasons it has been recommended that maximum
efforts be exerted to increase the number of fistulae in
both incident and prevalent patients [2]. Coincident with
attempts to increase fistula prevalence, an increased
number of fistula failures occur [1]. Fistula failure can
be classified as early and late. Early failure refers to
those cases in which the AV fistula never develops to
the point that it can be used or fails within the first 3
months of usage. Late failure refers to those cases that
fail after 3 months of successful usage [3, 4]. Although
there is considerable overlap, the typical causes for fail-
ure in these two groups are somewhat different [3, 4].
The clinical manifestations of early fistula failure are
failure to develop adequately to permit repetitive cannu-
lation for dialysis and inadequate flow to support dialysis
and thrombosis. These are clinical diagnoses. However,
in general, they are related to anatomic problems [3–5].
Even in the case of patients diagnosed clinically as having
a thrombosed fistula, an anatomic lesion is generally
found to be the cause of the dysfunction. In most cases,
either no thrombus or very minimal thrombus is actually
present.
Although it has been common practice to abandon
these early failures, aggressive evaluation and treatment
of early fistula failures has been shown to result in the
salvage of a large percentage [5]. This study reports a
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prospective observational study in which early fistula
failures were aggressively evaluated and treated in a
salvage attempt.
METHODS
Design of study
These studies were conducted in six freestanding out-
patient interventional facilities in different regions of
the United States (Baltimore, Maryland; Birmingham,
Alabama; Tyler, Texas; Detroit, Michigan; Cincinnati,
Ohio; and Riverside, California). Interventional nephrolo-
gists are employed in all of these facilities except one
that is operated by an interventional radiologist (P.A.).
The patient populations served by these laboratoriess
ranged from 475 to 2200. All patients referred to one of
these facilities for evaluation of early fistula failure over
a 15-month period (January 1, 2001 through January 31,
2002) were entered into the study. Each patient was first
evaluated angiographically to identify the anatomy of
their AV fistula and to detect abnormalities that might
be present. Stenotic lesions were then treated with angio-
plasty and accessory veins thought to be significant were
obliterated. All patients were then followed up to deter-
mine if the fistula was usable for dialysis. None of these
patients has been included in any previous report.
Definitions
Early fistula failure was defined as an AV fistula that
never developed to the point that it could be used or
failed within the first 3 months of usage. Venous stenosis
was defined as 50% or greater decrease in lumen diame-
ter based upon a comparison with the adjacent, normal
vein. These lesions were categorized into three categories
based upon location: (1) juxta-anastomotic, (2) proximal,
and (3) central. Juxta-anastomotic stenosis (JAS) was
defined as narrowing in that portion of the fistula imme-
diately adjacent to the arterial anastomosis (Fig. 1). Proxi-
mal venous stenosis was defined as a stenotic lesion any-
where in the vein from the juxta-anastomotic portion to
the central veins. Stenosis in the central veins (subclavian,
innominate, and superior vena cava) was classified as
central stenosis. Stenosis of the arterial anastomosis was
defined based upon the appearance of an inflated angio-
plasty balloon placed across the anastomosis. A 50%
defect in the balloon was required to be classified as a
stenotic anastomosis. A 4 mm balloon was used to evalu-
ate radial artery anastomoses and a 6 mm balloon was
used for brachial artery anastomoses. Arterial stenosis
was defined as a 50% or greater decrease in lumen diam-
eter based upon a comparison with the adjacent, normal
artery occurring in the main artery feeding the fistula.
For the purposes of this study, the fistula was defined as
that portion of the vein up to the elbow for forearm
fistulas and up to the shoulder for upper arm fistulas.
An accessory vein was defined as a branch coming off
of the main venous channel that comprised the fistula
(Fig. 2). These veins are normal variants of anatomy,
but they can cause problems with fistula development.
This is in contrast to a collateral vein, which is pathologic
and develops in response to a pressure changes that
result from a downstream stenosis. A decision to treat an
accessory vein was based upon a subjective assessment of
its significance judged by its size and flow. Augmentation
of downstream fistula pulse and thrill by manual occlu-
sion of the accessory vein was also helpful in making the
decision of significance. If there was an associated venous
stenosis in a downstream (proximal) location, the acces-
sory vein was evaluated for significance after the stenosis
was treated. A side branch that appears to be significant
in the presence of downstream stenosis can disappear or
appear insignificant after the stenotic lesion is resolved.
A functional fistula was defined as one that could be
cannulated and could support a dialysis blood flow of at
least 350 mL/min without recirculation. The duration of
functional patency or primary patency was defined as
that period of time that the fistula could be cannulated
successfully and support a dialysis blood flow of at least
350 mL/min without recirculation and without a repeat
procedure, the end point being the repeat procedure.
Description of procedures performed
Angiogram. An angiogram was performed as follows.
The AV fistula was first examined to determine the most
probable cause of the problem and its location. Based
upon this examination, a cannulation site was selected.
The AV fistula was then cannulated using a Micropunc-
ture needle (Cook, Bloomington, IN, USA). The micro-
puncture wire was inserted into the vein and was used
to introduce a 5 F dilator. Contrast was injected through
this dilator to visualize the fistula and draining veins. The
entire venous drainage up through the central circulation
was routinely evaluated in all cases. By occluding the
fistula downstream (proximal) from the tip of the dilator,
the distal vein, arterial anastomosis, and distal artery
were visualized (retrograde injection). It was never nec-
essary to use a blood pressure cuff or any other occlusion
device to attain a retrograde injection. The standard
angiogram procedure used in this study involved only
the cannulation of the vein (fistula). It was not necessary
to cannulate the artery routinely.
Angioplasty [percutaneous transluminal angioplasty
(PTA)]. A PTA (Fig. 1) was performed as follows. After
the AV fistula was cannulated and the initial angiogram
was performed, a guidewire was introduced. For lesions
downstream (antegrade) from the cannulation site, the
guidewire was passed through the draining veins up to
the level of the central veins. If the lesion was upstream
(retrograde) from the cannulation site, the guidewire
was generally passed across the arterial anastomosis. The
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Fig. 1. Radial-cephalic fistula with juxta-anastomotic stenosis. (A ) The
affected segment of vein. (B ) Postangioplasty treatment.
size of the angioplasty balloon was generally selected to
provide 20% to 30% overdilatation of the vein. Either
a 6  4 or an 8  4 angioplasty balloon was generally
used within the fistula and the draining veins up to the
level of the central veins. A 12 4 balloon was generally
used centrally. In most cases, if the balloon was to be used
across the arterial anastomosis, a 4 4 balloon was used
across a radial anastomosis and a 6  4 balloon across
a brachial anastomosis, depending upon the size of the
artery. Dilatation was affected using pressure generated
by hand with a 10 mL syringe for routine situations and
a 3 mL syringe for more resistant lesions. The result of
the dilatation was judged by comparison with the adja-
Fig. 2. Radial-cephalic fistula with large accessory vein. (A ) Initial
angiogram. A is cannulation site just above anastomosis. B is cephalic
vein comprising fistula, and C is accessory vein arising from lateral
aspect of fistula. (B ) Angiogram performed postcoil obliteration. Arrow
indicates location of coil.
cent normal vessel on a repeat angiogram. The success
of an angioplasty procedure was judged by anatomic
criteria (Fig. 1). The procedure was classified as success-
ful if there was less than a 30% residual lesion according
to National Kidney Foundation Dialysis Outcomes
Quality Initiative (NKF–K/DOQI) guidelines [6].
Accessory vein obliteration. Only those accessory veins
that were thought to be of significant size with significant
flow were treated. Although this determination was some-
what subjective, a size of at least one third of the diameter
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Fig. 3. Primary patency of patients with early fistula failure after ther-
apy. Primary patency is defined as that time period during which no
procedure or intervention is required to maintain patency or function.
of the fistula was generally required (Fig. 2). If the acces-
sory vein was associated with a downstream (antegrade)
stenosis, its significance was evaluated after treatment
of the stenosis. After the presence and location of the
accessory vein was identified by angiography, it was oblit-
erated either by ligation or by the insertion of a coil,
depending upon the operator’s preference. One of two
methods was used for vein ligation. If the vein was rela-
tively superficial and could be easily seen or felt, it was
ligated percutaneously. This involved placing a 3-0 nylon
suture (Ethilon) around the vein close to its junction
with the main trunk of the fistula [7]. No incision was
made. If it was thought that this percutaneous technique
was not possible, an incision was made and the vein was
ligated using a silk tie. The incision was then closed.
Insertion of a coil involved selective cannulation of the
accessory vein using a 5 F catheter followed by the inser-
tion of the coil through the catheter. The size of the
coil was selected based upon the size of the vein. The
selection of the method of vein obliteration was based
upon the operator’s choice. In all instances, the success
of obliteration was confirmed by an angiogram.
Data collection
The data were collected prospectively as part of a fully
electronic medical record. The data were validated by
auditing the electronic medical record, physician proce-
dure notes, and digital fluoroscopic images. Data col-
lected on these patients included patient age, primary
disease, date fistula was created, location of fistula, if
fistula become usable, date usable fistulas were first used,
duration of functional patency, and details of the proce-
dures performed. The Kaplan-Meier method was used
to calculate life-table analysis data.
RESULTS
To be included in this study, the patient had to meet
the definition of having an AV fistula that never devel-
Table 1. Patient demographics
Gender %
Male 70
Female 30
Age years 6114.3
Ethnicity %
African American 67
Comorbid conditions 4.7 (average)
Diabetes % 48.7
Age of fistulas months 4.7 (average)
Type of fistula %
Radial-cephalic 55
Brachial-cephalic 39
Brachial-basilic 6
Location %
Left arm 76
Right arm 24
Table 2. Lesions identified
Type Number
Accessory vein 12
Accessory vein  JAS 24
Accessory vein  proximal venous stenosis 6
Accessory vein  JAS  proximal venous stenosis 4
JAS 15
Proximal venous stenosis 20
JAS  proximal venous stenosis 6
Diffusely small vein 3
Central stenosis 9
Arterial anastomosis stenosis 38
Arterial stenosis 4
JAS is juxta-anastomotic venous stenosis.
oped to the point that it could be used or failed within
the first 3 months of usage. A total of 100 patients met
this definition for inclusion in the study. Demographi-
cally (Table 1) the patients were characterized by being
70% male with a mean age of 61  14.3 years (range,
24 to 87 years). Ethnically, 67% of the cases were African
American. The average number of comorbid conditions
was 4.7; diabetes was present in 48.7%.
By type, 55% of the fistulas were radial-cephalic, 39%
were brachial-cephalic, and 6% were brachial-basilic
transpositions (Table 1). The fistulas were located in the
left arm in 76% of the cases and in the right in 24%.
The average age of the fistulas at the time of treatment
was 4.7 months. As shown in Table 2, a variety of lesions
were identified. Venous stenosis was present in 78% of
the cases. In 43% of the cases, the lesion was in the JAS
location. In 15%, this was the only lesion present. In
24%, it was associated with an accessory vein, in 6%
with a proximal stenosis, and in 4% with both. A proxi-
mal stenosis lesion was present in the fistula in 36%. In
6%, it was associated with an accessory vein, in 6% with
a JAS, and in 4% with both. A central venous stenotic
lesion was present in 9% of the cases, but never as an
isolated lesion. It was always seen in association with
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another lesion. In one of these cases, the central vein
was totally occluded. In 3% of the cases, the vein com-
prising the fistula was diffusely narrow throughout its
entire length. The definition of arterial anastomosis ste-
nosis was met in 38% of the cases. This was always in
association with JAS. In four cases, a stenotic lesion
was present in the artery above the anastomosis. An
accessory vein considered to be significant according to
size and flow was present in 46% of the cases (46 pa-
tients). In 12% of the cases, this was the only lesion
present. In 24% of the cases, this anomaly was associated
with JAS, in 6% with proximal stenosis, and in 4% with
both. In all cases in which an accessory vein was associ-
ated with JAS, the vein in question originated down-
stream (antegrade) from the stenosis. A single accessory
vein (of significance) was present in 30 of the 46 cases,
two in 14 cases and three in two cases. All early failure
cases that were referred for evaluation had some type of
anatomic abnormality. None had negative angiograms.
Angioplasty was performed to treat venous stenosis
in 72% of the cases with a 98% success rate. The degree
of venous stenosis pretreatment was 74%  15% (50%
to 100%). This was reduced to 13% 15% (0% to 60%).
Angioplasty was judged to be unsuccessful in two cases.
Angioplasty of the arterial anastomosis was performed
in 38 cases with a 100% success rate. Accessory vein
obliteration was performed in all cases in which it was
present and thought to be significant (46% of the pa-
tients) with a 100% success rate. In 34 cases, this was
done using an intravascular coil, in 12 it was done by
ligation. In eight instances, ligation was accomplished
by surgical incision, in the remaining four, it was by
percutaneous ligation.
The complication rate for this study was determined
according to the reporting standards of the Society of
Cardiovascular and Interventional Radiology [8]. Ac-
cording to this standard, all complications, including pul-
monary and cardiac events that occur within 30 days of
the procedure, are considered procedure related. Minor
complications are those that require either no therapy
or only nominal therapy without any consequence. Major
complications are defined as those that require an in-
crease in the level of care, or result in hospitalization,
permanent adverse sequelae, or death. The overall com-
plication rate in this series was 4%, of these 3% were
minor and 1% were major. All of these adverse events
were associated with angioplasty procedures. The single
major complication consisted of a vein rupture with an
expanding hematoma. It resulted in loss of the access.
The three minor complications were all hematomas that
required no treatment and had no sequelae.
It was possible to initiate dialysis in 92% of the cases.
The eight failures included all three of the cases with
diffusely narrowed veins, the one case with central vein
occlusion, the case with a ruptured vein, and three cases
in which the fistula thrombosed prior to being used for
dialysis. Actuarial life-table analysis showed that 84%
were functional at 3 months, 72% at 6 months, and 68%
at 12 months (Fig. 3).
DISCUSSION
A major hurdle to achieving the goal of increasing the
numbers of AV fistulas in both prevalent and incident
patients is the frequency of early fistula failures. Aggres-
sive efforts at placing fistulas can be expected to increase
this frequency. Although the definitions varied, studies
of 20 to 25 years ago observed early failure rates in the
range of 10% to 25% [9–14]. In more recent reports, the
incidence has been higher, in the range of 20% to 50%
[15–29].
When listed, the most common cause for fistula failure
in these series has been failure to mature adequately for
use. The two most common identifiable causes for failure
in these cases are JAS and the presence of accessory
veins [4, 5, 30]. Frequently, these two conditions occur
together [4]. Both problems can be easily diagnosed by
physical examination [31, 32]. It is important to note that
in an optimum patient, either of these problems might
be present and not prevent fistula development. In fact,
in optimum patients, the presence of an accessory vein
might be beneficial, providing additional vessel for can-
nulation. The fact that these problems interfere with
fistula development may be evidence that the patient
was not an optimum candidate for such an access. Never-
theless, success is possible with aggressive management.
An aggressive approach to the evaluation of early fis-
tula failure to detect correctable problems, with appro-
priate intervention, has been shown to result in a high
salvage rate in these cases [5]. In that study, 71 patients
with early fistula failure were evaluated. Eight had inade-
quate arterial inflow and were not evaluated further. The
remaining 63 underwent ligation of an accessory vein,
angioplasty of a stenotic lesion, or both. Venous stenosis
was present in 33.3% of the cases, in 27% it was in the
JAS location. Accessory veins were present in 78% of
the cases; they were multiple in 44%. As a result of the
salvage attempts, 82.5% of the fistulas matured ade-
quately to support dialysis for a period of 90 days. The
1-year primary patency was 74.7%. In the current study,
the incidence of JAS was higher at 45%, while that of
accessory veins was considerably lower at 46%. Never-
theless, the salvage rate in both studies was comparable;
82.5% were able to support dialysis for 90 days in the
previous report and 84% in the current series. The 1-year
survival in the previous study exceeded that of the cur-
rent series, 74.7% versus 68%. The reasons for this are
not clear. It is important to note that none of the patients
of the previous series were included in the current study.
The existence of accessory veins and the concept of
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their contribution to the failure of a newly created AV
fistula to develop have been questioned [33, 34]. It has
been postulated that these side branches all develop in
response to downstream (antegrade) stenosis. Further,
it is alleged that simply treating the stenosis will cause
the veins in question to disappear. The demonstration
of cases in which this does not occur, or cases in which
there is no causative stenosis, is dismissed as evidence
that the offending stenotic lesion was simply missed. This
argument can be easily dispelled by a study of normal
anatomy. The veins that are used in the creation of fistu-
las have branches normally, especially the cephalic vein
in the forearm. While the number and pattern of these
branches is variable, they nevertheless exist in normal
anatomy. When a fistula is created, they do not go away.
In some patients, the accessory vein does not distract
from the development of the major vein into a usable
fistula. In fact, the accessory vein may develop to the
point that it too is usable for dialysis access. However,
under less than optimal circumstances, the accessory vein
can prevent the development of the fistula. As has been
shown in this study and previous reports [5, 7, 26], obliter-
ation of these veins can result in fistula salvage. The issue
is sometimes confused by the well-recognized fact that,
if there is a downstream stenosis, there is a tendency for
collateral veins to develop and a tendency for normal
side branches to become more prominent. This process
may be resolved by treating the stenosis. Unfortunately,
however, resolution of the stenosis does not always result
to a disappearance of the side branch. In these cases, we
consider obliteration of the vein to be a useful procedure.
In the current study, care was used to ensure that a
downstream stenosis was not present in any instance in
which an accessory vein was diagnosed and treated. It
is of interest to compare the reported results obtained
when accessory veins have been addressed and when
they have not. The primary patency at 90 days of 84%
and 1 year of 68% in the current study where these veins
were addressed is obviously superior to that of a previous
report of 67% and 39% [34], respectively, in which they
were ignored. This later study [34] also reported an im-
mediate complication rate of 13% with a 3% delayed
major complication rate. Whether this inordinately high
rate of complications could have contributed to their
poor result is not clear.
The current study is unique in that all causes of dys-
function were evaluated and all were aggressively treated.
This approach resulted in an excellent long-term success
rate in fistulas that had previously been unusable. This
success was attained with very few complications.
One must raise the question as to whether the anoma-
lies that result in early fistula failure are avoidable. The
answer to this question is suggested by a review of reports
in which aggressive patient evaluation was conducted
prior to fistula placement [1, 18, 26, 28, 35–38]. These
studies used venous mapping to evaluate patients prior
to access placement. Mixed results have been reported.
There appears to be no question that the use of vein
mapping will increase the likelihood of a fistula being
created as opposed to the placement of a synthetic graft,
but it will not ensure against early failures. In one study
[26], the number of patients that were ultimately dialyzed
with a fistula doubled with the use of vein mapping, but
of those that were created only 54% matured adequately
to be usable for dialysis. Early fistula failure has been
reported to be more common in females, even with vein
mapping to guide surgical creation of the access [39].
Even with an aggressive approach to intervention for
early failure, this report found a significant discrepancy
between the success rate in females and males [39]. This
reported difference between males and females was not
apparent from our data. However, it must be noted in
this study some degree of selectivity may be at play
because only those patients referred for evaluation by
their nephrologist were involved. In the previous study
[39], all cases from a single center were included.
The ultimate success of a fistula is also dependent
upon its depth. Optimally, it should be no more than
1 cm below the surface. Fistulas that are too deep cannot
be palpated well and, because of the length of the dialysis
needle, cannot be easily cannulated on a repetitive basis.
Data obtained at the time of vein mapping can serve as
a guide in selecting a target vein of an optimum depth
for fistula creation. It can also indicate the need to trans-
pose a vein to a more superficial location when no other
acceptable alternative is evident.
The type of aggressive approach used in this report
raises two additional questions: (1) how should fistula
adequacy be determined and (2) how early should a
newly created fistula be evaluated to detect problems
with development? Basically, fistula adequacy requires
two things, fistula maturation and blood flow. While
these are somewhat separate issues, they are also closely
interrelated. Maturation refers to changes that occur in
the vein comprising the fistula that allow for it to be
repetitively cannulated. Blood flow must be adequate to
support dialysis. Flow can be measured with a reasonable
degree of accuracy. It only needs to be marginally greater
than the dialysis blood pump rate [40]. If the patient is
to dialyze at a pump speed of 400 mL/min, a fistula blood
flow of 600 to 700 mL/min should be adequate to avoid
recirculation. The issue of cannulation is somewhat
harder to judge. It involves subjective elements that can-
not be measured. Nevertheless, vessel size is important
and that can be measured.
Robbin et al [41] found that if fistula diameter was
0.4 cm or greater, the chance that it would be adequate
for dialysis was 89% versus 44% if it was less than 0.4 cm.
The chances that the fistula would be adequate for dial-
ysis were 84% if the flow was 500 mL/min or greater but
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only 43% if it was less than this level. Combining the
two variables increased the predictive value of the mea-
surements. A minimum fistula diameter of 0.4 cm and a
minimum flow volume of 500 mL/min resulted in a 95%
chance that the fistula would be adequate versus 33% if
neither of the minimum criteria were met. Of consider-
able interest was the fact that experienced dialysis nurses
had an 80% accuracy in predicting the ultimate utility
of a fistula for dialysis. In this study, the ability of an
experienced dialysis nurse to successfully cannulate the
fistula and the ability of the access to support a minimum
dialysis blood flow of 350 mL/min was used as the criteria
to judge maturation.
Evaluation by physical examination at 30 days to de-
tect problems with adequacy has been recommended on
an empiric basis [5]. This was based upon the observation
that an AV fistula that did not appear to be adequate
at that time was generally not adequate at a later date.
Actually, increased blood flow occurs very early. In one
prospective study [42], average arterial blood flow preop-
eratively was 30 18 mL/min. Within 24 hours of surgery
to create a fistula, the fistula blood flow was up to 472 
315 mL/min, and by 1 week it had increased to 861 565
mL/min. In another study in which patients were divided
into two groups based upon the internal diameter of their
feeding artery [43], it was found that blood flow increased
from a preoperative level of 46  6 mL/min up to 184 
13 mL/min at 1 day, 202  14 mL/min at 1 week, 274 
17 mL/min at 3 weeks, 488  95 mL/min at 8 weeks,
and 562  131 mL/min at 12 weeks in the group with
the best results. This group had a feeding artery with an
internal diameter greater than 1.5 mm and a 12-week
primary patency rate of 83%. Robbin et al [36] found
that there was no significant difference in fistula blood
flow in the second, third, or fourth month following cre-
ation and that vessel diameter changed very little.
CONCLUSION
These studies suggest that a fistula that is going to
mature adequately for dialysis does so relatively early
and that evaluation after 1 month should detect those
that need further study. The fact that maturation can be
judged with 80% accuracy by physical examination [41]
and that the major causes of failure to mature can be
diagnosed by physical examination [31, 32] suggest that
the protocol for accomplishing this task can be very sim-
ple. An experienced person should examine a newly
created fistula at 4 weeks. If it does not appear to be
developing adequately for eventual use as a dialysis ac-
cess, it should be studied angiographically. If correctable
pathology is detected, it should be treated by endovascu-
lar means. If endovascular therapy is not effective, refer-
ral to the vascular surgeon should be considered. The
incidence of correctable lesions is relatively high and an
aggressive therapeutic approach can be expected to have
a high yield.
Reprint requests to Gerald A. Beathard, M.D., Ph.D., 2800 Way-
maker Way, #68 Austin, TX 78746.
E-mail: Gerald@beathard.com
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